Giant radio galaxies (GRGs) are a subclass of radio galaxies which have grown to megaparsec scales. GRGs are much rarer than normal sized radio galaxies (≤ 0.7 Mpc) and the reason for their gigantic sizes is still debated. Here, we report the biggest sample of GRGs identified to date. These objects were found in the LOFAR Two-metre Sky Survey (LoTSS) first data release images, which cover a 424 deg 2 region. Of the 240 GRGs found, 228 are new discoveries. The GRGs have sizes ranging from 0.7 to 3.5 Mpc and have redshifts between 0.1 and 2.3. Seven GRGs have sizes above 2 Mpc and one has a size of ∼ 3.5 Mpc. The sample contains 44 GRGs hosted by spectroscopically confirmed quasars. We also find that 21 GRGs are located in dense galaxy cluster/group environments, which were identified using optical data. Here, we present the search techniques employed and the resulting catalogue of the newly discovered large sample of GRGs. We also show that the spectral index of GRGs is similar to that of normal sized radio galaxies.
Introduction
A radio galaxy normally contains a radio core, jets and lobes powered by an active galactic nucleus. A radio galaxy that has grown to Mpc scales is traditionally defined as a giant radio galaxy (GRG) (Willis et al. 1974; IshwaraChandra & Saikia 1999) . Here, the total size is defined as the largest angular separation between the end of the two radio lobes. This subclass of radio galaxies is among the largest single structures known in the universe along with the cluster radio relics (Rottgering et al. 1997; Bagchi et al. 2006; van Weeren et al. 2011) . Born in the active nucleus of a galaxy or a quasar, radio galaxies/quasars eject collimated and bipolar relativistic jets (Lynden-Bell 1969; Begelman et al. 1984) . The driving engine for these jets is an accreting super massive black hole (SMBH) with a typical mass of 10 8 − 10 10 M . SMBHs that drive powerful jets reside in elliptical galaxies and only a handful are found in spiral galaxies (Hota et al. 2011; Bagchi et al. 2014) .
Morphologically, radio galaxies have been historically divided into two classes, Fanaroff-Riley type I (FRI) and Fanaroff-Riley type II (FRII). The lower radio luminosity FR-I sources have their brightest regions closer to the nucleus and their jets fade with distance from core. For the more powerful Fanaroff-Riley type II (FRII) radio galaxies (Fanaroff & Riley 1974) , the jet remains relativistic all the E-mail: pratik@strw.leidenuniv.nl way from the central AGN to the hotspots in lobes. For all radio galaxies the ejection of a collimated jet is dependent on the availability of fuel. Assuming GRGs grow to an enormous size due to a prolonged period activity, this would require either an unusually large reservoir of fuel or a very efficient jet formation mechanism.
Radio galaxies were first discovered about six decades ago (Jennison & Das Gupta 1953) and since then hundreds of thousands of radio galaxies have been found. In contrast to the large number of radio galaxies, only ∼ 350 (Dabhade et al. (2017) ; Kuźmicz et al. (2018) & references therein) or so GRGs have been found of which only a small fraction has been studied in detail. These giants, when associated with quasars, are called giant radio quasars (GRQs) and only around 70 GRQs are known so far (Kuźmicz et al. 2018 ).
The hypotheses proposed (which are not mutually exclusive) to explain the enormous sizes of GRGs include:
1. GRGs possess exceptionally powerful radio jets when compared to normal radio galaxies and these provide the necessary thrust to reach Mpc scales (Wiita et al. 1989 ). 2. GRGs are very old radio galaxies and have had sufficient time to expand over large distances (Subrahmanyan et al. 1996) . 3. GRGs grow in low density environments, (Mack et al. 1998; Malarecki et al. 2015; enabling them to grow comparatively fast.
None of the above hypotheses have been tested using large uniform samples of GRGs. In smaller samples, contradictory results have been found. For example, Mack et al. (1998) found evidence that the ages of GRGs in their sample are similar to that of normal sized radio galaxies which is contradictory to the above mentioned second point. Also, point three is contradicted by findings of Dabhade et al. (2017) , where they have reported a number of GRGs to be located in cluster environments.
The exceptionally large lobes of GRGs makes them excellent laboratories for studying the evolution of the particle and magnetic field energy density, acceleration of high energy cosmic rays and can also be used to probe large scale environments (Kronberg et al. 2004; Safouris et al. 2009; Isobe, & Koyama 2015) .
Until the mid 1990s, GRGs were mostly discovered serendipitously. Only after the advent of deep and large sky radio surveys like Faint Images of the Radio Sky at Twentycm (FIRST) (Becker et al. 1995) , NRAO VLA Sky Survey (NVSS) (Condon et al. 1998) , Westerbork Northern Sky Survey (WENSS) (Rengelink et al. 1997) and Sydney University Molonglo Sky Survey (SUMSS) (Bock et al. 1999) were systematic searches for GRGs carried out. Lara et al. (2001) , and Dabhade et al. (2017) searched the higher frequency survey such as NVSS (1400 MHz) for GRGs, and Saripalli et al. (2005) used SUMSS, whereas Schoenmakers et al. (2001) used lower frequency surveys such as WENSS (327 MHz).
The lobes of the GRGs have steep spectral indices and hence are bright at low radio frequencies. Cotter et al. (1996) made a sample of GRGs using the 151 MHz 7C survey (McGilchrist & Riley 1990) . The 7C survey has a low resolution of 70 × 70 cosec (δ) arcsec 2 and a noise level ∼ 15 mJy beam −1 (1 σ) and as a consequence contained only a few GRGs. The WENSS has better resolution (54 × 54 cosec (δ) arcsec 2 ) and better sensitivity (RMS noise (1 σ) ∼ 3 mJy beam −1 ) and also covers a somewhat larger area ∼ 8100 deg 2 ( 7C survey ∼ 5580 deg 2 ). This enabled Schoenmakers et al. (2001) to compile a large sample of 47 GRGs from the WENSS.
In recent years, four large low frequency surveys have been carried out, namely :
-119-158 MHz Multifrequency Snapshot Sky Survey (MSSS) (Heald et al. 2015 ). -150 MHz TIFR GMRT SKY SURVEY-Alternative data release-1 (TGSS-ADR1) (Intema et al. 2017 ). -72-231 MHz GaLactic and Extragalactic All-sky Murchison Widefield Array (GLEAM) survey (HurleyWalker et al. 2017 ). -120 -168 MHz LOFAR Two-metre Sky Survey (LoTSS) (Shimwell et al. 2017 (Shimwell et al. , 2019 .
In the past 20 years, large surveys have also been carried out at optical wavelengths. These surveys include the Sloan Digital Sky Survey (SDSS) (York et al. 2000) , the 2 degree Field Galaxy Redshift Survey (2dFGRS) (Colless et al. 2001) , the 2MASS Redshift Survey (2MRS) (Huchra et al. 2012) , the 6 degree Field Galaxy Survey (6dFGS) (Jones et al. 2009 ) and most recently the deep photometric survey called Panoramic Survey Telescope and Rapid Response System (Pan-STARRS; Kaiser et al. 2002 Kaiser et al. , 2010 Chambers et al. 2016) . The data from these surveys has allowed the identification of many new GRGs as shown in Dabhade et al. (2017) .
High sensitivity to low surface brightness features and high spatial resolution to decipher the morphologies are key requirements in identifying GRGs. LoTSS provides combination of both these properties for the first time and hence, combining it with the SDSS/Pan-STARRS optical surveys, we use it to search for new GRGs in order to form a statistically significant sample. Our study of GRGs will be presented in 2 papers:
1. Paper I (this paper) reports the methodology used for the systematic search scheme implemented for the discovery of new GRGs/GRQs (a representative image of GRG from LoTSS - Fig. 1 ) from the LoTSS and presents the sample's radio properties. 2. Paper II will focus on studying the host AGN and galaxy properties of the GRGs/GRQs sample and comparing them with another sample (also from LoTSS) of normal sized radio galaxies (NRGs) matched in redshift and optical/radio luminosity to the GRG sample.
Throughout the paper, we adopt the flat ΛCDM cosmological model based on the latest Planck results (H o = 67.8 km s et al. 2016) , which gives a scale of 4.6 kpc/ for the redshift of 0.3. All images are in the J2000 coordinate system. We use the convention S ν ∝ ν −α , where S ν is flux at frequency ν and α is the spectral index.
Identifying new GRGs in LoTSS

The LoTSS first data release
LoTSS (Shimwell et al. 2017 ) is a 120-168 MHz survey that is being conducted with the high-band antennas (HBA) of LOFAR and will eventually cover the whole northern sky. Hardcastle et al. (2016) have already demonstrated the potential of LoTSS deep observations for discovering GRGs and found seven in the Herschel ATLAS North Galactic Pole survey area (142 deg 2 ). Here, we focus on the LoTSS first data release (LoTSS DR1) (Shimwell et al. 2019) . The LoTSS DR1 spans (J2000.0 epoch) right ascension 10h45m to 15h30m and declination 45
• 00 to 57
• 00 (HETDEX:Hobby-Eberly Telescope Dark Energy Experiment Spring field region) covering an area of 424 deg 2 with a median noise level across the mosaic of 71 µJy beam −1 and ∼6 resolution.
Using the LoTSS DR1 radio data and optical-infrared data, a Value Added Catalogue 1 (VAC) of 318,520 radio sources has been created ; DR1-II). The host galaxies/quasars were identified using the Pan-STARRS and Wide-field Infrared Survey Explorer (WISE; (Wright et al. 2010) ). The Pan-STARRS-AllWISE catalogue was cross matched with LoTSS survey using a likelihood ratio method. Furthermore, human visual inspection was used for the final classification of complex radio sources using the LOFAR Galaxy Zoo (LGZ), the details of which are given in Williams et al. (2019) (DR1-II) . The photometric redshift and rest-frame colour estimates for all hosts (galaxies/quasars) of the matched radio sources are presented in Duncan et al. (2019) (DR1-III) . The VAC lists the radio properties, identification methods and optical properties where available. 
Semi-automated search for GRGs
The methodology of identifying GRGs and forming the final catalogue is presented in Fig. 2 and is described below:
1. The VAC of 318,520 radio sources was at first refined based on the point source completeness, which is 90% at an integrated flux density of 0.5 mJy for LoTSS DR1 (Shimwell et al. 2019 ). We apply a flux density cut at this level. This results in the total number of sources reducing to 239,845. 2. Secondly, only objects with optical identification and redshift estimates were selected resulting in 162,249 sources. 3. The VAC uses spectroscopic redshift information if available and for the remaining sources photometric redshifts have been estimated Duncan et al. (2019) (DR1-III) . A further photometric quality cut of ∆z/(1 + z) < 0.1 was imposed on the sample, where ∆z is the half width of the 80% credible interval. This further reduces the sample to 89,671 sources. 4. The VAC has total of 13,271 sources that are resolved after applying the photometric quality cut, which is further refined in LGZ. Williams et al. (2019) computed the angular sizes for all complex radio sources that were visually inspected in the LGZ. From the sample of 89,671 sources, 4808 sources have LGZ derived angular size estimates. 5. For all the 4808 sources, the projected linear size (kpc) was computed and only those that had an extension above 700 kpc were considered for further analysis. This resulted in a sample of 398 candidate GRGs.
6. The candidate GRGs were visually inspected to identify and remove those with uncertainty in the host, large asymmetry or a high degree of bending or narrow angle tailed morphology. The angular size measurement was refined by taking the distance between the farthest points of the 3σ contours of the source and the projected linear size was recomputed. The final sample size of GRGs from the VAC is 187 GRGs.
Manual Visual Search from LoTSS DR1
An independent manual visual search (MVS) was also carried out to search for GRGs in LoTSS DR1 to look for additional GRGs that were missed in the semi-automated method employed on the VAC. In this approach, all mosaics from LoTSS DR1 were scanned for extended double lobed structures (candidate GRGs). The radio core of the candidate GRGs were searched in the optical band (SDSS) for counterparts. This method (MVS) yielded 53 additional GRGs. These 53 GRGs were missed by the selection criteria because of the photometric redshift cuts we imposed or because the complex nature of the source structures lead them to being not fully characterised in the VAC. 
Final catalogue: VAC+MVS
We combined both GRG samples (VAC and MVS) to form the final GRG catalogue of 240 GRGs (Table. 2). The final catalogue of 240 GRGs was cross matched with the GRG catalog of Kuźmicz et al. (2018) , which is a complete compendium of GRGs published till 2018, and we find 12 of our 240 GRGs to be already known (listed in 12 th column of Table 2 ). The high-resolution 6 LoTSS images at 144 MHz of GRGs can be found in the appendix A from 
Results : The LoTSS catalogue of GRGs
Our search of LoTSS DR1 has enabled us to construct a catalog of 240 GRGs. With the high sensitivity of LoTSS, we are able to detect GRGs as faint as ∼ 2.5 mJy in total flux at 144 MHz. Using the available optical data and radio data, we have computed the radio powers, spectral indices and classified the morphological types for the sample of 240 GRGs (Table. 2). The sample of 240 GRGs have sizes in the range of 0.7 Mpc to ∼ 3.5 Mpc (Fig. 3 ) with median size of 0.89 Mpc and mean size of 1.02 Mpc. GRGs with sizes greater than 2 Mpc are very rare within the GRG population and in our sample we find 7/240 GRGs having sizes ≥ 2 Mpc.
Optical host properties
The GRGs in our sample span a wide redshift range from 0.1 to 2.3 (Fig. 4) . GRGs that are hosted by galaxies are not selected beyond z ∼ 1 due to sensitivity limits of the optical surveys. We use the SDSS DR14 Quasar catalog (Pâris et al. 2018 ) and SDSS optical spectra in addition to the details from VAC to identify the GRGs hosted by quasars in our sample. 152/240 GRGs have optical spectroscopic redshifts from SDSS. Of the 152 GRGs with optical spectroscopic redshifts 40 are hosted by quasars and are called giant radio quasars (GRQs). We have detected GRQs upto z ∼ 2.3 where there are three at z ≥ 2. Based on the catalog of Kuźmicz et al. (2018) , there were previously only two GRGs known at z ≥ 2. Therefore, our sample presents 3 of the most distant GRQs. Our 40 GRQs significantly increase the sample of total GRQs known till date from 70 (Kuźmicz et al. 2018) W Hz −1 at 144 MHz respectively as seen in the histogram distribution of radio powers (Fig. 5) .
Interestingly, based on the available optical data (SDSS and Pan-STARRS) and the Galaxy Zoo catalog of spiral galaxies (Hart et al. 2016) , we find that none of the GRGs is hosted by a spiral galaxy. compute the flux at 144 MHz, we use the 20 low resolution maps of LoTSS DR 1 (column 8 of Table 2 ). Measurement in the flux errors is done taking a 20% calibration error for LoTSS DR1 (Shimwell et al. 2019) . By combining high frequency (1400 MHz) NVSS and low frequency (144 MHz) LoTSS, we have computed the integrated spectral index (α 1400 144 ) for GRGs in our sample (column 10 of Table 2 ). The NVSS radio map cutouts for GRGs were obtained from its server 2 . Following steps were adopted to obtain spectral index:
Spectral Index (α
-Convolve the LoTSS low resolution images (cutouts of GRGs from main mosaics) to the same resolution of NVSS (45 ) and regrid the LoTSS images to match with NVSS. -Make automated masks (regions to extract flux ) using the package PyBDSF 3 (Python Blob Detection and Source Finder ) of Mohan & Rafferty (2015) . -The 45 convolved LoTSS maps were manually inspected for possible contamination (using the high resolution LoTSS maps (6 ) and FIRST's 5 maps) from other sources in the field and manual masks were made. The flux was obtained by considering only the region in manual masks from the automated masks. -Finally, using the fluxes obtained from NVSS and LoTSS, integrated spectral index was computed for the whole source.
A total of 39/240 sources were contaminated by other nearby radio sources in the low resolution convolved LoTSS maps and NVSS maps, for these sources (marked with '-' in column 10 of Table 2 ) a spectral index was not computed. For sources with no detection in NVSS, upper limits on the flux were computed and a spectral index limit was obtained (indicated with < sign in column 10 of Table 2 ). for spectral index of GRGs are 0.77 and 0.78, respectively. Similarly for GRQs, the median and mean values are 0.78 and 0.76, respectively. These mean spectral index values of GRGs and GRQs are similar to those of normal sized radio galaxies (Condon 1992; Miley & De Breuck 2008) .
Notes on individual objects
Below, we present brief notes on a selection of some of the most interesting objects in our sample.
-The GRQ ILTJ110833.89+483202.9 is a highly core dominated object at both high as well as low frequencies and hence exhibits a very flat spectral index of ∼ 0.2. -GRG ILTJ121555.50+512416.5 and GRG ILTJ135629.44+524234.7 are also core dominated objects at both low and high frequencies. The lobes of both sources are not detected in NVSS. These are possibly candidates of revived/rejuvenated GRGs as we only observe the diffuse lobes at low frequencies (LoTSS), which could be from the previous epoch. The presence of the bright core may indicate restarting activity.
-GRG ILTJ133324.28+533354.8 displays a peculiar morphology and is possibly residing in an unique environment. The VAC estimates its photometric redshift (z) to be 0.3539± 0.0344. Lopes (2007) estimates its photometric redshift based on SDSS data to be 0.39301 ± 0.02578. GRG ILTJ133324.28+533354.8 is close to two galaxy clusters, namely WHL J133322.0+5333490 at redshift of 0.3938 and WHL J133316.5+533333 at a redshift of 0.3834. Based on Lopes (2007) photometric redshift, GRG ILTJ133324.28+533354.8 is plausibly to be associated with the galaxy cluster WHL J133322.0+5333490 as they are at similar redshifts and is separated by ∼ 1 . This GRG appears to be residing in an environment of a possible merger of two galaxy clusters and the associated radio relic can be seen towards north of the GRG (Fig 7) . 
Environment analysis of GRGs
We use two optically selected galaxy cluster catalogs to identify our GRGs with Brightest Cluster Galaxies (BCGs), which are found to be at the centers of galaxy clusters. We chose the following two catalogues as they are made using SDSS and have an overlap with HETDEX region which is common for LoTSS DR1. Firstly, we used the galaxy cluster catalog of Wen et al. (2012) (here after WHL cluster catalog), which consists of 132,684 clusters. They have used photometric data from SDSS-III to find the clusters (Wen et al. 2012) . This is the biggest galaxy cluster catalog made using SDSS and is ∼ 95% complete for clusters with a mass of M 200 > 10 14 M in the redshift range of 0.05 < z < 0.42. We find 18 GRGs to be BCGs based on the WHL cluster catalog. We also used the Gaussian Mixture Brightest Cluster Galaxy (GMBCG) catalog (Hao et al. 2010 ) consisting of 55,880 galaxy clusters and find 3 extra GRGs to be BCGs. Therefore, we find a total of 21 GRGs (Table 3 ) from our sample of 240 to be BCGs residing in dense cluster environments. The mass and radius (obtained from Wen et al. 2012 ) of the 18 clusters are listed in Table 3 .
Discussion
Morphology of GRGs
Most known GRGs exhibit FRII type of morphology and we very rarely see radio galaxies with Mpc scale size with FR I type of morphology. Based on their morphologies we classify 18 GRGs as FR I type and 216 GRGs as FR II type. GRG ILTJ112736.74+503140.7 and GRG ILTJ121859.89+505248.4) are 2/18 FR-I GRGs residing at cluster centres and hosted by BCGs (Table 3) . The overall radio power of FRI sources is, in general, less than that of FRII sources (Ledlow & Owen 1996) . As seen in Fig. 8 , the FRI type of GRGs have a limited range in radio power 10 24 ∼ 10 26 W Hz −1 , whereas the FRII exhibits a wide range of radio powers from 10 24 ∼ 10 28 W Hz −1 .
GRGs with Hybrid morphology
Radio galaxies which show FR-I morphology on one side and FR-II morphology on other side are referred as HyMoRS (Gopal-Krishna & Wiita 2002). The earliest example of such morphology was presented and studied by Saikia et al. (1996) , for the radio galaxy 4C +63.07. They attribute this to an intrinsic asymmetry in either the collimation of its jets or the supply of fuel from the central black hole to opposite sides. Gawroński et al. (2006) have estimated the occurrence of HyMoRS to be as low as ≤ 1% amongst the radio galaxy population. Recently, Kapińska et al. (2017) presented 25 new candidate HyMoRS, of which 2 are candidate GRGs with one being at the centre of a galaxy cluster. Therefore, one of the possible scenarios for such hybrid morphology could be attributed to different environments on each side of the host galaxy (radio core).
In our sample of 240 GRGs, we find 6 examples of HyMoRS which are listed in column 11 (FR type) of Table 2 , indicated with numeric 3, images of these sources are presented in Fig. 9 . This is by far the largest HyMoRS GRG sample reported ever. Environment as well as host AGN studies are needed to understand this class of radio galaxies, which can also grow to megaparsec scales in size.
DDRGs: Double double radio galaxies
Double double radio galaxies are FRII type objects with two pairs of lobes, which is indicative of their restarted nature (Schoenmakers et al. 2000; Saikia & Jamrozy 2009 ). The newly created jets in such sources travel outwards through the cocoon formed by the earlier cycle/episode of activity rather than the common intergalactic or intracluster medium, after moving through the interstellar medium of the host galaxy. In general, the diffuse outer double lobes are aligned with the inner ones and can extend from few kpc up to Mpc scales. It is likely that in DDRGs, due to an unknown mechanism or activity, the interruption of these bipolar relativistic jet flows has occurred leading to such morphologies. Recently, Mahatma et al. (2019) created a new sample of 33 DDRGs using the LoTSS DR1, where they compared the optical and infrared magnitudes and colours of their host galaxies with a sample of normal radio galaxies. They find that the host galaxy properties of both DDRGs and normal radio galaxies are similar and suggest that the DDRG activity is a regular part of the life cycle of the radio galaxies. We have found 8 GRGs in our entire sample with DDRG type morphology as seen in Fig. 10 , indicating that megaparsec scale DDRGs are rare. These sources provide a unique opportunity to study timescales of AGN recurrent activity. As seen in Fig. 10 (c) & (g ), some components of the giant DDRGs are very faint and it was only possible with LoTSS's high sensitivity and resolution to detect and sufficiently resolve them. Further studies on host AGN/galaxy properties of DDRGs along with their local environments are needed to understand these peculiar sources better.
GRGs in dense environments
It has been hypothesized that growth of GRGs to enormous size is favoured by their location in low density environments. Using our large new sample of GRGs, it is now possible to test this hypothesis for objects with low redshifts (z < 0.5). We find, at least 9% GRGs (Table 3 ) from our sample (21/240) are located in high density environments. This low number of BCG GRGs is possibly due to absence of data for high redshift clusters in the WHL cluster catalog, which is more sensitive to clusters with redshift less than ∼ 0.42 (see Sect. 3.4). We have 118 GRGs with z ≤ 0.42, therefore at least ∼ 18% GRGs are in dense cluster environments. Based on the work of Paul et al. (2017) , virialized structures of mass M 200 ≥ 0.8 × 10 14 M are classified as cluster of galaxies and non-virialized gravitionally bound structures consisting of few galaxies with M 200 < 0.8 × 10 14 M are classified as group of galaxies. Using this classification there are 15 GRGs in clusters and 3 GRGs in groups of galaxies (see Table 3 ).
From our sample of 21 BCG GRGs, we do not find any correlation between the total radio power of the GRGs and the mass of the cluster (M 200 ). Croston et al. (2019) carried out a study of environments of ∼ 8000 radio loud AGNs from the LoTSS, where they find that only 10% of AGNs are associated with high density environments like galaxy groups/clusters and AGNs with L 150 > 10 25 W Hz −1 are more likely to be in cluster environments. Similarly our 21 BCG GRGs which are also radio loud AGNs in galaxy cluster, exhibit P 144M Hz or L 150 > 10 25 W Hz −1 . Also, these BCG GRGs possibly can trace inhomogeneities in the intergalactic gas, which could be one of the determining factors for the growth and evolution of these giant sources. The forward propagation of jets as well as backflow from hotspots in the lobes of GRGs are influenced by the gas they encounter. 
Summary
A total of 240 GRGs (Table. 1) were found in ∼424 deg 2 area using LoTSS, which is just ∼2% area of the total survey that is planned to cover the northern sky. Our sample of 240 GRGs represents a lower number estimate due to limitation of optical data, which is essential for identifying host galaxy and its corresponding redshift. Assuming the isotropy and homogeneity of the Universe, if we extrapolate the number of GRGs expected to be found over the final sky coverage of LoTSS (∼ 2π steradians), then we should be able to find at least ∼ 12000 GRGs with LoTSS's sensitivity. The summary of the paper is as follows :
1. Our sample of 240 GRGs is in the redshift range of 0.1 to 2.3, out of which 228 are newly found. This makes it the largest sample discovered to date. 2. About 16% (40/240) of the sample are hosted by quasars. 3 GRQs are above redshift of 2. 3. The depth and resolution of LoTSS images has enabled us to find GRGs with low powers of ∼ 10 24 W Hz −1 at 144 MHz. 4. We show that the spectral index of GRGs and GRQs is similar to that of their low sized counterparts (NRGs). 5. Majority (90%) of our sample show FR-II type of morphology. 6. We have found 8 new double-double GRGs, which is ∼ 3% of our sample. 7. We have found 6 GRGs with HyMoRS morphology which are very rare. 8. Based on the optical data, we find that none of the GRGs in our sample are hosted by spiral galaxies. 9. At z < 0.42, at least ∼ 18% of GRGs lie at the centers (BCGs) of either big galaxy groups or galaxy clusters.
Article number, page 8 of 24 (2) & (3) are RA & DEC (J2000.0 epoch) which indicate the center of the host galaxies of the GRG/GRQs from either SDSS or Pan-STARRS. Column (4) 'Class' represents the type of host of the GRG -G:galaxy and Q:quasar. In Column (5), z (redshift) marked with † represents spectroscopic redshift from SDSS, represents photometric redshift from SDSS and § indicates redshifts from VAC. The 86 th entry is of GRG ILTJ123459.82+531851.0 whose spectroscopic redshift is from O'Sullivan et al. (2019) . Columns (6) & (7) are angular size and projected linear size of the source. Columns (8) & (9) are the integrated flux of sources at 144 MHz and its corresponding radio power. Column (10) α 1400 144 is the integrated spectral index computed between 1400 MHz (NVSS) flux and 144 MHz (LoTSS) flux. Rows marked with '-' in Column (10) are blended sources for which we do not present a spectral index. Column (11) 
